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Abstract 
Bandung basin which located in West Java, Indonesia is a large intra-montane basin surrounded by volcanic highlands. The 
basin is a highly urbanized area whose population has been rapidly increasing since few decades ago. It is widely believed 
that the increase of population, as well as industrial activities, will increase the degree of groundwater extraction and will 
eventually lead to land subsidence over the area of Bandung basin. According to results of ten champaign of GPS (Global 
Positioning System) surveys, which were conducted within the period of 2000 to 2012 it was found that several locations in 
Bandung basin experienced land subsidence, with an average subsidence rate of about –8 cm/year and it can reach to about –
16.9 cm/year in a certain location and time period. The large subsidences occur in Cimahi, Gedebage, Dayeuhkolot, 
Rancaekek, Majalaya, and Katapang districts. Similar results are also achieved from InSAR (Interferometry Synthetic 
Aperture Radar) data. During the period of 1999 to 2010, maximum rate of land subsidence in the Bandung basin reached 2 
meters that occurred in industrial areas such as in Cimahi, Katapang, Dayeuhkolot, Gedebage, and Rancaekek. It is indicated 
that there is a strong correlation between the land subsidence and groundwater extraction in Cimahi, Dayeuhkolot, Majalaya, 
and Rancaekek. Furthermore, there could also be possible existence of other causes due to natural compaction in almost all 
subsidence areas and tectonic processes in Dayeuhkolot, Gedebage, Cimahi, dan Majalaya. 
© 2014 The Authors. Published by Elsevier B.V. 
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1. Introduction 
The Bandung Basin is a large intra-montane basin surrounded by volcanic highlands, located in West Java 
province, Indonesia (Fig.1). The central part of the basin has an altitude of about 665 m and is surrounded by up 
to 2400-m- high Late Tertiary and Quaternary volcanic terrain1. The catchment area of the basin and surrounding 
mountains cover approximately 2300 km2, and the Citarum River with its tributaries forms the main drainage 
system of the basin catchment. This main drainage is one of the largest watershed on the island of Java, and 
provides water for drinking, agriculture and fisheries, as well as the main supply for three reservoirs 
(hydroelectric dams), with a total volume of about 6147 million cubic meters 2. Mean annual temperature in the 
basin is about 23.7°C and mean annual precipitation amounts is about 1700 mm 3. Deposits in the basin comprise 
of coarse volcaniclastics, fluvial sediments and notably a thick series of lacustrine deposits. 
 
 
Fig 1. Topography of Bandung Basin located in West Java, Indonesia 
 
 
 
 
On the basis of its hydraulic characteristics and its depth, the multi-layer aquifer configuration of the Bandung 
basin may be simplified into two systems4: shallow aquifer (a few meters to around 40 m below the surface) and 
deep aquifer (more than 40 to 250 m below the surface). These aquifers are composed of volcanic products from 
the volcanic complexes that bordered this basin, and lake sediments that were deposited when the central part of 
the basin was a lake. The lake was fully formed about 50.000 years ago, and was drained away about 16.000 
years ago1. 
 
The population of the Bandung municipality increased from less than 40,000 in 1906 to nearly one million in 
1961, and had grown to about two and half million by 1995. The population over the Bandung basin was about 
Bandung basin 
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3.4 million in 1986, became about 4.4 million in 1994, it was about 5.9 million people in 2003, and finally in 
2005 more than 7 million people inhabited the basin5. The increase in both population and industrial activities 
eventually increase the degree of groundwater withdrawal from the aquifers in the Bandung basin. Increased 
groundwater extraction has led to a rapid lowering of water table.  
 
The groundwater extraction is expected to cause land subsidence in the Bandung basin in addition to subsidence 
induced by the load of manmade constructions (i.e. settlement of highly compressible soil), subsidence caused by 
natural consolidation of alluvium soil, and geotectonic subsidence6. 
 
The impacts of land subsidence can be seen in several forms, such as crack in buildings, damage of 
infrastructures (road and bridges), tilting and damaged houses, and increases in flooding inundation area. 
Flooding in the Bandung basin occurs many times within a year and a heavy flooding usually happens after 
heavy rainfall. Flooding in the Bandung basin has caused huge economic losses to households, business, 
industry, agriculture, infrastructure, public facilities and social activities in the affected area.  
 
2. Land Subsidence Derived By GPS and InSAR Methods in Bandung Basin 
Several methods have been conducted to monitor land subsidence in the Bandung basin such as GPS (Global 
Positioning System) surveys and InSAR (Inteferometry Synthetic Aperture Radar) data5. In order to study land 
subsidence in the  Bandung basin, 10 GPS surveys were conducted in 21-24 February 2000, 21-30 November 
2001, 11-14 July 2002, 1-3 June 2003, 24-27 June 2005, 21-23 August 2008, 26-29 July 2009, and 29-31 July 
2010, 15-22 August 2011, and 5-8 August 2012 by the Geodesy Research Division, Institute of Technology 
Bandung (ITB). 
InSAR data analysis is also conducted in the Bandung basin from the ALOS/PALSAR satellite. All the data were 
processed using Gamma software. Dual-pass differential method is used to produce the deformation image over 
the Bandung basin. The dual-pass DInSAR (Differential InSAR) needs only twoSAR images and the DEM 
(Digital Elevation Model) to produce the deformation image.  In this research, ALOS/PALSAR data (on 3 June 
2006, 6 March 2007, 14 January 2007, 18 April 2009, 28 January 2009, and 3 May 2010) were used and DEM 
data is from SRTM (Shuttle Radar Topography Mission)  90x90 m. Results of 10 GPS (Global Positioning 
System) surveys conducted since 2000 to 2012 show that several locations in Bandung basin have experienced 
land subsidence, with an average subsidence rate of about –8 cm/year and it can reach to about –16.9 cm/year in 
a certain location and time period Average of subsidence rate derived by GPS data during the period of 2000 – 
2012 varies between 1.1 – 16.9 cm, while those derived  by InSAR method varies between 0,9 – 17 cm per year 
in the period of 2006 – 2010 7. 
It has been known that GPS provides better accuracy results than that of InSAR. However, InSAR provides better 
spatial resolution than GPS. Therefore, the integration of GPS and InSAR method may provide a better solution 
to obtain high accuracy results with wide spatial information of land subsidence. In this research, we model the 
subsidence by assimilating the results from the GPS and InSAR data. The assimilation technique used in 8 for the 
case of water vapour assimilation is adopted7. 
To obtain the integrated value of Land subsidence (LS) at each point of the model grid, the derived LS InSAR is 
weighted by the ijf  coefficients for each grid point i dan j : 
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InSAR
ijijij LSfLS                                                    (1) 
The purpose of such weighting is to reduce the effect of inaccuracy caused in InSAR results. To calculate the 
coefficients ijf , the following function has been applied: 
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lr  represent the distance of all relevant stations, i.e. the ones within 15 km (denoted with l). The multipliers kf  
for each of the GPS stations are calculated using following expression: 
InSAR
GPS
k LS
LSf  ),( IT                                                             (4) 
where GPSLS represents land subsidence derived from GPS observations and InSARLS represents land 
subsidence derived from InSAR data, and  T  and I  are longitude and latitude of k station, respectively. The 
assimilation result can be seen in Figure 2. 
For kr ≤ 15 km 
For kr > 15 km 
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Fig 2. Land Subsidence derived by assimilation of GPS and InSAR data in 1999-2010 
 
Based on the combination result of GPS and InSAR, land subsidence in Bandung basin during the period of 1999 
to 2010 could reach 2 meter. The large subsidence occurred in Cimahi, Gedebage, Dayeuhkolot, Rancaekek, 
Majalaya and Leuwigajah. It should be noted that InSAR results were extrapolated to 1999 assuming that 
subsidence rate varies linearly with time. 
 
As we expected, large subsidence rate occurs in industrial areas, where groundwater at deep aquifer has been 
extensively drawn. It is known that industry relies on groundwater resources. The land subsidence in these area 
leads to many disadvantage impacts such as crack on buildings, damaged houses, cracks on roads/highways, and 
an expansion of flooding area.  
 
 
3. The Causing Factors of Land Subsidence in Bandung Basin. 
Declining groundwater became one of the problems in the Bandung basin. Several places in Bandung basin have 
experienced annual decrease of groundwater table (MAT), such as large area of Cimahi, Dayeuhkolot, 
Rancaekek, Majalaya, and Banjaran. There are many textile manufacturers in these areas that allegedly take 
groundwater from deep aquifers (artesian) in large numbers. 
 
Based on the data obtained from The West Java Province Mining Department, and Bandung District Mining 
Office in 1999, groundwater extraction by industrial and commercial business through 2.401 artesian well in the 
Bandung and Cimahi District, Bandung city, and Sumedang District which were included in the survey area 
reached 45,4 million m3 9. Groundwater extraction in 2000 was estimated to be 46.6 million cubic meters which 
were taken from 2.484 artesian wells. Later in 2003, it was recorded around 50,6 million m3 with a total number 
of artesian wells is about 2,258, whereas in 2004 based on data up to May, the recorded volume of extraction was 
27 million m3 (in the year is estimated at 58.5 million m3) taken through 1,597 artesian well. The number is 
certainly smaller than the actual one, because it is predicted that there are still wells of production that still has 
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not been registered9. Excessive groundwater extraction certainly inflicts damage on aquifer especially deep 
aquifer. The aquifer damage can be seen in Figure 3. 
 
 
Fig 3 Groundwater table decrease zoning in 2013 resulted from numerical simulation10 
 
Based on the results of numerical simulation, during 2013 some areas suffered aquifer damage including Cimahi, 
Dayeuhkolot, Rancaekek, Majalaya, and Banjaran. It should be noted that the above outcomes are the result of 
numerical simulation assuming that there is no artificial recharge. Red colour shows the damaged zone where 
MAT decrease > 80%, whereas the yellow colour indicates a critical zone with MAT decrease 60% - 80%, and 
the green colour is prone zone showing a decrease of MAT around 40% - MAT 60%. The blue colour is the safe 
zone where the decrease of MAT is < 40% 10. 
Some of the artesian wells around the groundwater table (MAT) subsidence monitoring point experience decline 
of about 1 meter per year as it can be seen on the graph shown in Figure 4. The location of the wells mostly 
around textile industry areas that is allegedly taking groundwater excessively and it is not impossible that there 
are some wells that are not listed. 
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Fig 4 Decrease of groundwater table at several factory wells in Bandung basin (Courtesy of Indonesian 
Geological Agency) 
Table 1 shows the average groundwater table subsidence per year for wells mentioned above. Wells in Cimahi 
area suffered the most MAT decrease. 
Table 1 Average groundwater table (MAT) decrease in artesian well around monitoring points (Courtesy of Indonesian Geological Agency) 
NO Well Location 
Average 
(m) 
1 Dewantex Cimahi 3,23 
2 Hintex Cimahi 3,25 
3 Asia Agung CP Rancaekek 1,74 
4 Wintai Garment Majalaya 1,24 
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5 Luen Fung Dayeuhkolot 1,15 
6 Inti Gunawan Dayeuhkolot 2,87 
7 Delimatex Ciparay 1,34 
8 Cempaka Cimahi 2,3 
9 Kukje Adetex Banjaran 2,51 
10 Trisulatex Cimahi 1,48 
11 BSSM Cimahi 5,8 
Artesian wells described in the Figure 4 are those that suffer groundwater table decrease of more than one meter 
per year in average. The wells is also located in areas that experience quite large average of land subsidence 
annually such as, Cimahi, Rancaekek, Dayeuhkolot, Banjaran, Ciparay, and Majalaya. Figure 5 show areas which 
suffer aquifer damage caused by groundwater table decrease as well as suffer from land subsidence. Aquifer 
damage mostly occurs in area of industry. Figure 6 shows the distribution of factories that suffers from 
groundwater table decrease of more than 1 meter per year. Spatially, it is clearly visible that the land subsidence 
occurs near factories that extract groundwater excessively. Nevertheless, there are some textile factories that have 
groundwater table decreased of more than 1 meter per year but suffered small land subsidence (0.5 - 1 cm per 
year) such as Sari Mas Settlement, PT. Waitex, and CV. Wiska. The percentage of monitoring wells that suffer 
from groundwater table decrease of more than 1 meter and experience land subsidence is 90.6%. 
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Fig 5 Relation between land subsidence from GPS  and InSAR integrated data and also aquifer damage 
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Fig 6 . Land subsidence during 1999-2010 from GPS and InSAR integrated data in Bandung basin and distribution of factory whose artesian 
well suffered groundwater table decrease of more than 1 meter per year 
In some monitoring wells near GPS monitoring point,  positive correlation is seen between the land subsidence 
and groundwater table decrease as seen on the monitoring wells of PT. Hintex (Cimahi), PT. Luen Fung 
(Dayeuhkolot), PT. Kukje Adetex (Banjaran), and PT. Asia Great (Rancaekek). The occurred correlations can be 
positive as well as negative. The value of the correlation coefficient (U) can be calculated using the following 
equation: 
¦¦¦¦
¦ ¦ ¦

 
2222 )(()((
.
YYnXXn
YXXYnU                             (5) 
X X is the value of the land subsidence, Y is the groundwater table decrease, and n  is the amount of data. If the 
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value of the correlation coefficient U = 1 or close to 1 then the correlation between two variables is positive. If the 
value of the correlation U = -1 or close to -1 then the correlation between two variables is negative. Once the 
calculation is done with the formula, correlation coefficient value (U) is obtained from land subsidence and 
groundwater table decrease chart occurred at that point. Figure 7 shows a decrease of groundwater table decrease 
and land subsidence in four regions and its correlation value. 
Determination of some of the monitoring point above is based on proximity between GPS monitor points with 
monitoring well, therefore it can be expected to represent the relationship between MAT decrease and land 
subsidence. Figure 8 shows areas with significant land subsidence such as Cimahi, Kopo Katapang, Dayeuhkolot, 
Majalaya, Rancaekek, and Gedebage is industrial area especially textile industry.  
 
Fig 7. Land subsidence (red line) and decrease of groundwater water tables (blue line) at Dayeuhkolot (a), Cimahi (b), Banjaran (c), and  
Rancaekek (d) (Courtesy of Indonesian Geological Agency) 
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Fig 8. Land subsidence and the land use around areas with large land subsidence 
 
In addition to groundwater table decrease, there are some other causes that may cause land subsidence in 
Bandung basin. The Bandung basin can still undergo natural compaction. Geologically, Bandung basin is based 
of several formation i.e. formation of  Kosambi, Cibeureum and Cikapundung. The central part of the Bandung 
basin (which largely suffers from land subsidence) is dominated by the formation of Kosambi in the surface. 
Kosambi formation mainly consists of clay, siltstone, and sandstones are yet compact with Holocene age10. It 
needs to be noted, that based on drilling data there are still other formations below Kosambi formation, which are 
Cibeureum formation and Cikapundung formation. Specifically for GPS observation points, all points are located 
above rocks that form Kosambi and Cibeureum formations which possibly experience natural compaction and the 
possible influence of the process of tectonic (Figure V.13). Dayeuhkolot, Cimahi, and Rancaekek regions have 
middle and high compressibility index (0.3 - 0.7) [source of data: PT. Bina Karya and Pusat Litbang SDA, 1991]. 
 
The overlay between the land subsidence map and the geological formation shows that land subsidence occurs in 
areas that are geologically composed of clay, siltstone, and yet to compact sandstone, from Holocene age 
(Kosambi Formation), alluvial fan deposits and clastic Volcano deposits (Cibeureum Formations), and a little in 
the Tertiary Volcanic Formations (Figure 9). 
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Fig 9. Overlay between land subsidence map and geological map (Hutasoit, 2009) 
In addition the existence of tectonic influence it is still possible, this is based on several research. The geological 
structure in the Bandung basin area and its surroundings is a geological fault structure found in the form of fault 
straightness, fault shift (relative motion). Based on the geological map and Landsat imagery of Bandung and its 
surroundings, the existence of the fault rupture along the direction of West-East, Southwest-Northeast, and North-
South can be identified. West-East direction fault located in the North is Lembang fault, while in the southern 
part is the Mount Geulis and Citarum faults. North-South geological fault is known as the Cihideung-Bandasari 
fault, and the Southwest-Northeast fault is Cicalengka and Cileunyi-Tanjungsari faults. Characteristically, 
Lembang Fault is an normal fault, while the Cileunyi-Tanjungsari fault, Cicalengka fault, and Cihideung-
Bandarsari fault are left lateral horizontal fault11. 12 shows the result of drilling as deep as 250 m around 
Gedebage identify a hot water. Hot springs around Bandung is located in Maribaya in the North of Bandung and 
Wayang Windu mountain in South Bandung. This allegedly showed a North-South fault from Maribaya towards 
Wayang Windu mountain crossing Bandung basin (Gedebage). The fault is likely covered by relatively young 
sediments age. 
 
The overlay between land subsidence map and seismotectonic map in Bandung basin (Figure 10) shows that 
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some locations suffer from land subsidence is passed by fault. Majalaya, Gedebage, Cimahi, Katapang, and 
Dayeuhkolot, are the areas that are experiencing large land subsidence and impassable by fault. Rancaekek and 
Banjaran regions suffer large land subsidence but are not passed by fault. Further geological study is needed to 
ensure faults contribution toward the land subsidence.  
 
 
 
 
Based on the analysis of the causes of the above factors, some of the possible causes of the land subsidence can 
be summed up in some areas that are experiencing quite large land subsidence as in Table 2. 
 
 
Figure 10. Land subsidence and fault locations in Bandung basin 
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Table 2. Possible causing factors of land subsidence in Bandung basin 
 
 
 
4. Conclusion 
 
The results of this research show that spatial pattern and rate of subsidence derived by GPS and InSAR methods 
are quite similar. Several areas such as Cimahi, Gedebage, Dayeuhkolot, Banjaran, Majalaya, and Rancaekek 
experience the largest subsidence. Average of subsidence rate derived by GPS data during the period of 2000 – 
2012 varies between 1,1 – 16,9 cm, while those derived by InSAR method varies between 0,9 – 17 cm per year in 
the period of 2006 – 2010. GPS and InSAR data integration with weighting concept yields better spatio-temporal 
characteristics. During the period of 1999 to 2010, maximum rate of land subsidence in the Bandung basin 
reached 2 meters which occurred in industrial areas such as in Cimahi, Katapang, Dayeuhkolot, Gedebage, and 
Rancaekek. It is indicated that there is a strong correlation between the land subsidence and groundwater 
extraction in Cimahi, Dayeuhkolot, Majalaya, dan Rancaekek. Result from gravity observation indicates that 
lowering of groundwater level has occurred in Cimahi with the rate about 1,79 m/year. Furthermore, there could 
also be possible existence of other causes due to natural compaction in almost all subsidence areas and tectonic 
processes in Dayeuhkolot, Gedebage, Cimahi, dan Majalaya. 
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